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(54) Hydraulic control apparatus for hydraulic construction machine 



(57) The present invention is applied to a hydraulic 
control apparatus for a hydraulic construction machine 
including; first operating means (57a.57) which is 
manipulated to keep the rotational speed of a prime 
mover (27) to an arbitrary rotational speed, second 
operating means (6a.6.56) which is manipulated to con- 
trol the rotational speed of the prime mover {27) and is 
returned to an initial position of low rotational speed 
when the manipulating force is released, rotational 
speed control means (80) for controlling tiie rotational 
speed of the prime mover (27) in accordance with the 
first and second operating means, a variable displace- 
ment hydraulic pump (1) which is driven l>y the prime 
mover (27), a first hydraulic actuator (4) which is driven 
by a delivery oil from the hydraulic pump (1), a second 
hydraulic actuator (21) which is driven by the delivery oil 
of tiie hydraulic pump (1). a first control valve (2) which 
is provided between the hydraulic pump (1 ) and the first 
hydraulic actuator (4) and serves to control a pressured 
oil supplied to the first hydraulic actuator (4). a second 
control vatve (20A) which is provided between the 
hydraulic pump (1) and tiie second hydraulic actuator 
(21) and serves to control a pressured oil supplied to the 
second hydraulic actuator (21), first determination 
means (61) for determining a first target displacement 



(OL) to keep the delivery pressure of the hydraulic pump 
(1) to a value higher than load pressure of tiie first and 
second hydraulic actuators (4,21) by a predetermined 
target value, second determination means (62) for 
determining a second target displacement (6A) by 
which an input torque is limited on the basis of the deliv- 
ery pressure of the hydraulic pump (1). and. displace- 
ment control means (65) for controlling the 
displacement of tiie hydraulic pump (1) so tiiat the dis- 
placement is equal to at least one of tiie first and second 
target displacements (eUGA). The control apparatus 
further includes; judging means (67) for outputting a dis- 
crimination signal on the basis of a discrimination of a 
state where the second hydraulic actuator (21) is oper- 
ated while the rotational speed of the prime mover (27) 
is controlled by the second operating means (6a.6.56). 
And when the discrimination signal is output, the dis- 
placement of the variable displacement hydraulic pump 
(1) is so controlled that it is equal to the second target 
displacement (OA) irrespective of the value of tiie first 
target displacement (OL). 
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Description 
TECHNICAL FIELD 

This invention relates to a hydraulic control appara- s 
tus tor a hydraulic construction machine for which a load 
sensing control and an input torque limiting control can 
be performed. 

BACKGROUND ART io 

A wheel type hydraulic shovel, for example, as 
shown in Fig. 10 has been known as a hydraulic con- 
struction machine equipped with the above type of 
hydraulic control apparatus. In the figure, a reforence 
numeral 4 represents a hydraulic motor for vehicle trav- 
elling, and rear wheels 103 are driven through a trans- 
mission 1 01 and a propeller shaft 1 02 by the rotation of 
the hydraulic motor 4 to allow a vehicle to travel. A boom 
1 04 serving as a part of a front attachment is upwardly 
and downwardly moved through a lengthening and 
shortening operation of a boom cylinder 21. In this 
specification, a digging work and the like using the front 
attachment while the vehicle does not travel is referred 
to merely as "work", and these works are distinguished 
from a term "travel**. 

As one of the hydraulic construction machines as 
described above has been proposed a machine in 
which a load sensing control and an input torque limiting 
control are selectively carried out (for example, as dis- 
closed in Japanese Laid-open Patent Application No. 2- 
1 18203). These control systems will be described here- 
under with reference to Fig. 1 1 . 

Fig. 1 1 shows a hydraulic circuit for the travel and 
the work of the hydraulic shovel as described above, 
and a reference numeral 1 represents a variable dis- 
placement hydraulic pump which is driven by a diesel 
engine 27. The rotational speed of the engine 27 is con- 
trolled through rotational member of a governor lever 
27b of a governor 27a wHch is driven, in accordance 
with an manipulation amount of a fuel lever (not shown) 
or an operation amount of an acceleration pedal 6a for 
the travel (hereinafter referred to as a travelling pedal), 
by a pulse motor 28. A variable displacement hydraulic 
pump 1 dscharges an oil whose flow amount corre- 
sponds to the engine rotational speed and the displace- 
ment thereof. The discharged oil is communicated 
through a travel-control valve 2 to the hydraulic motor 4, 
and further communicated through a work-control valve 
20 to a boom-driving hydraulic cylinder 21 . 

The load sensing control is characterized in that the 
displacement (hereinafter also refen-ed to as lilt angle") 
of the variable displacement hydraulic pump 1 is so con* 
trolled that the difference pressure between front and 
rear stages of the travel-control valve 2 or the work-con- 
trol valve 20, that is. the difference pressure between a 
pressure (pump pressure) at an Inlet port of the control 
valve 2, 20 and a pressure (load sensing pressure) at an 
outlet port thereof is fixed to a constant value to thereby 



keeping the pump pressure to a value higher than the 
load sensing pressure by a predetermined target value. 
The load sensing pressure is a pressure selected by a 
shuttle valve 29 and higher one of load pressures of the 
hydraulic motor 4 and the hydraulic cylinder 21 . 

The system for carrying out the load sensing control 
as shown in Fig. 1 1 is equipped with a load sensing reg- 
ulator 11 whose switching operation is carried out in 
accordance with the difference pressure between the 
pump pressure and the load sensing pressure. When 
the difference pressure between the pump pressure 
and the load sensing pressure exceeds a pressure 
which is set by a spring 1 la. the load sensing regulator 
1 1 is switched to a position b in accordance with the 
pressure. At the position b. the pump pressure is com- 
municated to a sen^o cylinder 12. and the displacement 
of the hydraulic pump 1 Is reduced through a lengthen- 
ing operation of the servo cylinder 12. so that the deliv- 
ery flow rate of the pump is reduced. Conversely, when 
the difference pressure Is dropped down to a value 
lower than the predetermined pressure, the load sens- 
ing regulator 1 1 is switched to a position a. and the 
servo cylinder 12 is intercommunicated to a tank. Con- 
sequently, the displacement as desaibed above is 
increased, and thus the pump delivery flow rate is also 
increased. In the system adopting the load sensing con- 
trol, through the afc>ove operation, the tilt angle of the 
pump is so controlled that the pump delivery flow rate is 
equal to a required flow rate of the control valve 2 or 20, 
so that a surplus flow rate of oil can be prevented from 
being delivered and vain use of the oil due to diaphragm 
loss can be prevented to improve fuel consumption and 
operational performance 

Next, the operation of the travelling circuit will be 
described. 

When a forward/reverse travelling switch valve 8 is 
switched to a forward travelling position (F position) and 
the pedal 6a of a pilot valve 6 is manipulated, a delivery 
oil from the hydraulic pump 5 is communicated to a pilot 
port 2a of a pilot-type control valve 2, so that the control 
valve 2 carries out its switching operation by a stroke 
amount corresponding to a pilot oil pressure. Through 
this operation, the delivery oil from the variable dis- 
placement hydraulic pump 1 is supplied through a con- 
duit 91. a pressure compensating valve 23, the control 
valve 2, a conduit 92 and a counterbalance valve 3 to 
the hydraulic motor 4 to allow the vehicle to run. In addi- 
tion, the engine rotational speed is controlled in accord- 
ance witii tiie operation amount by which the travelling 
pedal 6a is depressed, so that the travelling speed of 
the vehicle is dependent on tiie operation amount of tiie 
travelling pedal 6a. 

When the travelling pedal is released in tiie travel- 
ling of the vehicle, the connection between the output 
port and input port of the pilot valve 6 is intercepted, and 
the output port of the pilot valve 6 is intercommunicated 
with a tank port which is connected to the tank 10. As a 
result, the pressured oil which acts on the pilot port 2a 
is returned through tiie forward^reverse travelling switoh 
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valve 8, a sIcdw return valve 7 and the pilot valve 6 to the 
tank 10. At this time, the return oil is diaphragmed by a 
diaphragm 7a of the slow return valve 7, so that the 
vehicle is gradually decelerated whHe the pilot-type con- 
trol valve 2 is gradually switched to a center valve posi- 5 
tion. 

On the other hand, the operation of thb working cir- 
cuit is as follows. 

When the work switching valve 20 is switched to a 
"b" position or "c** position by a manipulating lever 20a, 10 
the delivery oil from the hydraulic pump 1 is conrvnuni- 
cated through the conduit 91 . the pressure compensat- 
ing valve 24. a conduit 94 and the control valve 20 to the 
boom-driving hydraulic cylinder 21. and the boom 104 
as shown in Fig. 10 is upwardly and downwardly moved is 
through the lengthening and shortening operation of the 
hydraulic cylinder 21. The pressure compensating 
valves 23 antii 24 enable the hydraulic pump 1 to supply 
the hydraulic motor 4 and the hydraulic cylinder 21 with 
pressures higher than the load pressures thereof by a 
predeternvned pressure, respectively, so that both actu- 
ators can be operated independently of each other. 

The hydraulic control apparatus as shown in Fig. 1 1 
is equipped with a torque control servo valve 25 for car- 
rying out the input torque limiting control, and the servo 
valve 25 is supplied with the delivery pressure of the 
hydraulic pump 1 as a pilot pressure. When the pilot 
pressure acting on the servo valve 25 exceeds a pres- 
sure set by a limit torque setting spring 25a. the servo 
valve 25 is switched from the c-position to the di)osition 
as shown in the figure. Through this operation, the deliv- 
ery pressure of the hydraulic pump 1 acts on the servo 
cylinder 12. whereby the displacement of the hydraulic 
pump 1 is reduced, and the torque of the hydraulic 
pump 1 is kept in a range of the output torc^e of the 
engine 27. thereby preventing an overload from being 
applied to the engine 27. This operation is referred to as 
the input torque limiting control. 

According to the hydraulic control apparatus thus 
constructed, the displacement of the hydraulic pump is 
so controlled that it is equal to smaller one of the target 
displacement by the load sensing control (first target 
displacement) and the target displacement by the input 
torque limiting control (second target displacement), 
and through this operation the inprovement in fuel con- 
sumption and operating performance and the preven- 
tion of overload acting on the engine 27 are 
accomplished. A reference numeral 26 represents an 
unload valve which is driven by the difference pressure 
between the pump pressure and the load sensing pres- 
sure, reference numerals 31a and 31b represent a 
cross-over load relief valve, and CJ represents a center 
joint. 

The hydraulic control apparatus equipped with the 
load sensing control and the input torque limiting control 
systems is so constructed that the maximum value of 
the displacement of the variable displacement hydraulic 
purrp 1 is limited by a value which is determined by the 
servo valve 25 at the input torque limiting control system 



side, and in a range below this maximum value the dis- 
placement of the variable displacement hydraulic pump 

1 is set to the displacement which is determined by the 
load sensing regulator 11 at the load sensing control 
system side. As a result of this, the displacement of the 
variable hydraulic pump 1 is so controlled as to be uni- 
formly set to any one of the input torque limiting control 
value and the load sensing control value on the basis of 
the operation amount of the travelling pedal, the opera- 
tion amount of the manipulating lever or the circuit pres- 
sure condition irrespective of variation of an operating 
circumstance such as "traver or "work", or an operator's 
preference. 

The applicant of this application has proposed a 
device in which the engine rotational speed can be con- 
trolled in accordance with the manipulation of the travel- 
ling pedal 6a in the work, as disclosed in Japanese 
Laid-open Patent Application No. 3-234364. The follow- 
ing problem would occur if this device is used together 
with the hydraulic control apparatus as shown in Rg. 1 1 
in which the displacement is controlled l>y selecting any 
one of the displacement determined by the load sensing 
control and the displacement determined by the input 
torque limiting control. 

In the load sensing control where the difference 
pressure at the front and rear stages of the control valve 

2 or 20 is fixed to a constarrt value, In a case where the 
opening area of the control valve 2, that is. the stroke of 
the manipulating lever is constant, the displacement of 
the hydraulic pump 1 is automatically decreased so as 
to prevent the rise-up of the difference pressure as 
described aba^e even when the rotational speed of the 
engine 27 is heightened and thus the pump delivery 
f fow rcrte is increased while it is increased so as to pre- 
vent the drop of the difference pressure even when the 
rotational speed of the engine 27 is lowered and thus 
the pump delivery flow rate is decreased. Therefore, in 
the work when the load sensing control is carried out 
with the control of the engine rotational speed using the 
travelling pedal 6a by which no adjustment of the open- 
ing area of the control vah/e 2 Is carried out. the pump 
delivery flow rate remains constant even when the 
engine rotational speed is varied, and tiie driving speed 
of tiie front attachment (for example, boom) is not var- 
ied, whereby an efficiency during the work is low. The 
speed of the front actuator can be controlled through the 
control of the engine rotational speed in a state where a 
difference pressure which is beforehand set does not 
occur even when the tilt angle of the hydraulic pump 1 is 
increased to the maximum value, or In a case where a 
target flow rate exceeds a torque limiting flow rate (in a 
saturation state). 

DISCLOSURE OF THE INVENTION 

An object of this invention is to provide a hydraulic 
control apparatus for a hydraulic construction machine 
in which, when a special operating condition is 
detected, a load sensing control is inhibited and a dis- 
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placement of the hydraulic pump Is controlled through 
an input torque limiting control. 

Independent claim and dependent daims of Claim 

1 

5 

(1) This invention is applicat)te to a hydraulic control 
apparatus for a hydraulic construction machine 
including first operating means which is manipu- 
lated to fix the rotational speed of the prime mover 
to an arbitrary rotational speed, second operating io 
means which is manipulated to control the rota- 
tional speed of the prime mover and is returned to 
an initial low rotational speed when the manipulat- 
ing force is released, rotational speed control 
means for controlling the rotational speed of the is 
prime mover in accordance with the first and sec- 
ond operating means, a variable displacement 
hydraulic pump which is driven by the prime mover, 
a first hydraulic actuator which is driven by a deliv- 
ery oil from the hydraulic pump, a second hydraulic 20 
actuator which is driven by the delivery oil of the 
hydraulic pump, a first control valve which is pro- 
vided between the hydraulic pump and the first 
hydraulic actuator and serves to control a pres- 
sured oil supplied to the first hydraulic actuator, a 2s 
second control valve which Is provided between the 
hydraulic pump and the second hydraulic actuator 
and serves to control a pressured oil supplied to the 
second hydraulic actuator, first determination 
means for determining a first target displacement to 30 
keep the delivery pressure of the hydraulic pump to 
a value higher than load pressure of the first and 
second hydraulic actuators by a predetermined tar- 
get value, second determination means for deter- 
mining a second target displacement to limit an 3s 
input torque on the basis of the delivery pressure of 
the hydraulic pump, displacement control means for 
controlling the displacement of the hydraulic pump 
so that the displacement is equal to at least one of 
the first and second target displacements. 40 

In addition, the hydraulic control apparatus fur- 
ther comprises judging means for outputting a dis- 
crimination signal on the basis of the discrimination 
of a state where the second hydraulic actuator is 
operated while the rotational speed of the prime 45 
mover is controlled t}y the second operating means. 
The above object can be achieved by constructing 
the hydraulic control apparatus such that when the 
discrimination signal is output, the displacement of 
the variable displacement hydraulic pump is so con- so 
trolled that it is equal to tiie second target displace- 
ment in-espective of the value of the first target 
displacement. 

When it is discriminated that the second 
hydraulic actuator is operated with the rotational ss 
speed of the prime mover being controlled by the 
second operating means, the displacement of the 
variable displacement hydraulic pump is so control- 
led as to be equal to the second target displace- 



ment. In the hydraulic control apparatus for carrying 
out the load sensing control and the input torque 
limiting control in accordance with an operating 
condition, for example when the rotational speed of 
the prime mover is controlled in accordance with an 
operation amount of the travelling pedal during tiie 
work other than tiie vehicle travelling, tiie displace- 
ment of the variable displacement pump is forcedly 
controlled tiirough the input torque limiting control. 
Therefore, tiie operational speed of the front attach- 
ment such as a boom can be controlled in response 
to the pedal manipulation tiirough the control of tiie 
rotational speed of the prime mover by manipulat- 
ing the travelling pedal in tiie work, and thus ttie 
operation peribrmance can be improved. 

(2) The hydraulic control apparatus preferably fur- 
ther comprises minimum-value selecting means for 
selecting smaller one of the first and second target 
displacements, and switching means for outputting 
the target displacement selected by the minimum- 
value selecting means when flie discrimination sig- 
nal is not output, and outputting the second target 
displacement when tiie discrimination signal is out- 
put. 

(3) The hydraulic control apparatus may comprises 
limit signal output means for outputting a limit signal 
indicating a value lager than the minimum value of 
the first target displacement maxlmunrv-value 
selecting means for comparing the value of the limit 
signal and the first target displacement to select a 
larger one of them, and outputting tiie selected 
value, minimum-value selecting means for selecting 
smaller one of the target displacement output from 
the maximum-value selecting means and the sec- 
ond target displacement, and limiting-operation 
instructing signal outputting means for outputting 
the limiting-operation instructing signal for actuating 
the limit-signal output means through the operator's 
manipulation. 

(4) The second hydraulic actuator may comprise a 
hydraulic cylinder for a front attachment, the first 
hydraulic actuator may comprise a hydraulic motor 
for a vehicle travelling, the first operating means 
may comprise a manual manipulation member, and 
the second operating means may comprise a 
pedal-type manipulation member 

(5) The manual manipulation member is most pref- 
erably used a fuel lever for setting the rotational 
speed of the prime nwer in accordance witii ttie 
manipulation position tiiereof. and the pedal-type 
manipulation memt)er is most preferably used a 
travelling pedal with which tiie opening area of tiie 
second control valve can be adjusted in accordance 
with tiie operation amount thereof. 

According to this invention, when the rotational 
speed of the prime mover is controlled by manipu- 
lating the fuel lever, any one of the load sensing 
control and the input torque limiting control is car- 
ried out in accordance with an operating condition. 
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On the other hand, when the rotational speed of the 
prime mover is controlled by manipulating the trav- 
elling pedal at the work, the input torque limiting 
control is forcedly carried out Therefore, if the rota- 
tional speed of the prime mover is controlled 
through the manipulation of the travelling pedal at 
the work, the pump flow rate varies in accordance 
with the manipulation of the travelling pedal, and 
the front attachment such as the boom can be con- 
trolled at a desired speed. 

(6) If the hydraulic control apparatus further com- 
prises inhibition means for inhibiting the driving of 
the first hydraulic actuator when the discrimination 
signal is output, there is no risk that the wheel-type 
hydraulic shovel or the like unintentionally moves at 
the work, so that more preferatsle advantage can be 
attained. 

(7) The rotational speed control means may include 
first target rotational speed setting means for set- 
ting a first target rotational speed of the prime 
mover in accordance with the manipulation amount 
of the first operating means, second target rota- 
tional speed setting means for setting a second tar- 
get rotational speed of the prime mover in 
accordance with the manipulation amount of the 
second operating means, selection means for 
selecting a larger one of the first and second target 
rotational speeds of the prime mover, arxl rotational 
speed Increasing/decreasing means for increasing 
or decreasing the rotational speed of the prime 
mover so that it is equal to the selected target rota- 
tional speed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing a pump control 
system for a hydraulic control apparatus according to a 
first enibodiment of this invention. 

Fig. 2 is a diagram showing the whole construction 
of the hydraulic control apparatus. 

Fig. 3 is an enlarged view of a part of Fig. 2. 

Fig. 4 is a block diagram showing a pump control 
system for a hydraulic control apparatus according to a 
second embodiment of this invention. 

Fig. 5 is a block diagram showing a pump control 
system for a hydraulic control apparatus according to a 
third embodiment of this invention. 

Fig. 6 is a block diagram showing an engine control 
system. 

Fig. 7 is a flowchart for a control procedure for an 
engine rotational speed. 

Fig. 8 is a detailed block diagram showing an input 
torque control portion in the first to third emtxxliments. 

Fig. 9 is a detailed block diagram showing the input 
torque control portion to solve a problem occurring In 
the Input torque control portion. 

Fig. 10 Is a side view of a wheel-type hydraulic 
shovel. 

Fig. 11 is a diagram showing a conventional 



hydraulic control apparatus. 

Rg. 12 is a block diagram showing a pump control 
system for a hydraulic control apparatus according to a 
variation of the third emtxxliment of this invention. 

5 

BEST MODE FOR CARRYING OUT THE INVENTION ^ 
-FIRST EMBODIMENT - 

10 A first embodiment of this invention will be 
described with reference to Rgs. 1 to Rg. 3. 

The hydraulic control apparatus according to the 
first emtxxiiment is constructed such that the displace- 
ment is usually controlled to be set to smaller one of a 

IS first target displacement calculated in a load sensing 
control system and a second target displacement calcu- 
lated in an input torque limiting control system, and 
when higher responsibility is required a limitation is 
imposed on the first target displacement to increase a 

20 stand-by f tow rate, and then the displacement is control- 
led to be set to smaller one of a limit value larger than 
the first target displacement and the second target dis- 
placement. 

Rg. 2 is a diagram showing the whole construction 

25 of a hydraulic control apparatus tor a wheel-type 
hydraulic shovel to which this invention is applied, and 
Fig. 3 is an enlarged diagram of a part of the control 
apparatus. The same elements as those of Fig. 1 1 are 
represented by the same reference numerals, and the 

30 difference therebetween will be mainly described. 

In this emtxxiiment, a tilt angle of a variable cfis- 
placement hydraulic pump 1 , that is, the displacement 
thereof is controlled by a tilt angle control device 40. The 
tilt angle control device 40 comprises a hydraulic pump 

35 41 which is driven by an engine 27, a pair of electro- 
magnetic valves 42 and 43, and a servo cylinder 44 
whose piston position is controlled by a pressured oil 
from the hydraulic pump 41 in accordance with a switch* 
ing operation of the electromagnetic valves 42 and 43. 

40 The tilt angle of the hydraulic pump 1 is controlled in 
accordance with the piston position of the servo cylinder 
44. The switching operation of the pair of the electro- 
magnetic valves 42 and 43 is controlled by a controller 
50 mainly comprising a microoomputer. 

45 A forward/reverse travel switching valve 8A com- 
prises an electromagnetic type of valve, and it is 
switched from an N-position to an F-position or R-posi- 
tton when a fdnward/reverse travel switching switch SW1 
at a driver sheet is switched from an N-position to an F- 

50 position or R-position. A control valve 20A for a work 
comprises a pilot-type valve, and a switching direction 
and a stroke amount are controlled by pitot pressure 
output from a pressure reducing valve in accordance 
with the operation amount of a manipulation lever 58. 

55 SW2 represents a brake switch, and it is switched 
on by operator's manipulation at the work while it is 
switched off at a vehicle travelling. SW3 represents a 
response speed selecting switch, and it is switched on 
when a quick mode is set to increase the stand-by flow 
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rate as described later while it is switched off when a 
normal mode is set to seriously consider fuel consump- 
tion and noise. The output signals of these switches 
SW2 and SW3 are commonly input to the controller 50. 

Unlike the prior art as shown in Fig. 11, in this 
emboCGment. an operating condition of the vehicle such 
as the work or the travel is electrically detected, and the 
displacement of the hydraulic pump is electrically con- 
trolled. In this connection, the displacement of the 
hydraulic pump is controlled by inputting the signals of 
the switches as described above and a group of sensors 
as described later to the controller 50 and executing var- 
ious calculations in the controller 50 to drive various 
kinds of actuators. 

A reference numeral 51 represents a tilt angle sen- 
sor for detecting a tilt angle es of the hydraulic pump 1 , 
a reference numeral 52 represents a pressure sensor 
for detecting a delivery pressure Pp of the hydraulic 
pump 1. a reference numeral 53 represents a rotational 
speed sensor for detecting a rotational speed Nr of the 
engine 27. and a reference numeral 54 represents a dif- 
ference-pressure sensor for detecting a difference pres- 
sure APLS between the delivery pressure of the 
hydraulic pump 1 and the maximum load pressure of the 
actuator (which is larger one of a load pressure of the 
hydraulic motor 4 and a load pressure of tiie hydraulic 
cylinder 21 and selected by the shuttle valve 29). A ref- 
erence numeral 55 represents a potentiometer tor 
detecting a control rotational speed Ne on the basis of a 
displacement amount of the govemor lever 27b^ a refer- 
ence numeral 56 represents a pressure sensor for 
detecting a pressure Pt of the pilot valve 6 in accord- 
ance with the manipulation amount of the travelling 
pedal 6a, and a reference numeral 95 represents a 
pressure switch which is switched on when a working 
pilot pressure Pd is at>ove a predetermined value. The 
detection result of each sensor and the on/off state of 
the pressure switch 95 are input to the controller 50. A 
reference numeral 57 represents a rotational speed set- 
ting device for instructing a target rotational speed X in 
accordance with the manual operation off the fuel lever 
57a. and the instructing signal thereof is also input to 
the controller 50. 

The controller 50 has a first control circuit unit 60 as 
shown in Fig. 1 which comprises a load sensing control 
portion 61 (hereinafter referred to as "LS control por- 
tion**) for calculating and outputting a first target dis- 
placement 6L. a torque control portion 62 for calculating 
and outputting a second target displacement OA, a 
stand-by flow rate conti-ol portion 63 for outputting a 
third target displacement 60 in place of tiie first target 
displacement OL to increase tiie stand-by flow rate, a 
minimum-value selecting portion 64 for selecting 
smaller one of the first or tiiird target displacement input 
through the minimum-value selecting portion 64 and the 
second target displacement input through the torque 
control portion 62. and a servo control portion 65 tor 
controlling the electromagnetic valves 42 and 43 for dis- 
placement-controlling on the basis of tiie target dis- 



placement input from the minimum-value selecting 
portion 64 and the actual displacement. 

The LS control portion 61 comprises a target differ- 
ence pressure generator 61a for outputting a signal cor- 

5 responding to a target difference pressure APLSR. a 
deviator for calculating a deviation A (PLS) between tiie 
target difference pressure APLSR and tiie difference 
pressure APLS detected by the difference pressure sen- 
sor 54. a calculator 61c for calculating a variation AOL of 

10 the target value based on the deviation A (PLS), and a 
integrator 61d for Integrating AOL to calculate tiie first 
target displacement 6L for tiie toad sensing control and 
outputting the calculated value. 

The torque control portion 62 comprises a deviator 

IS 62a for calculating a surplus torque AT on the basis of a 
deviation between ttie engine rotational speed Nr which 
is detected by the rotational speed sensor 53 and the 
control rotattonal speed NO represented by tiie displace- 
ment amount of the governor lever which is detected by 

20 tiie potentiometer 55, a target torque calculator 62b for 
calculating a target torque Tpo for preventing the engine 
stall on the t>asis of the surplus torque AT. a reciprocal 
calculator 62c for calculating a reciprocal of the pump 
delivery pressure Pp detected by the pressure sensor 

25 52. a eps calculator 62d for calculating a tilt angle Ops by 
multiplying the target torque Tpo by the reciprocal 1/Pp, 
and a filter 62e for subjecting the tilt angle eps to a filter- 
ing serving as a temporarily-delayed element to output 
a second target displacement OA for the input torque 

30 limiting control. 

The stand-by flow rate control portion 63 comprises 
a stand-by flow rate setting unit 63a for outputting a 
value corresponding to a third target displacement eO 
which is at least larger tiian the minimum value of tiie 

35 first target displacement OL calculated in the LS control 
portion 61, a switch 63b which is closed to output the 
third target displacement eO when the response speed 
selecting switch SW3 is switched on, and a maximum- 
value selecting portion 63c for selecting and outputting 

40 larger one of the first target displacement GL and tiie 
third target displacement 00. 

The maximum-value selecting portion 63c inputs 
larger one of the first target displacement OL and tiie 
third target displacement eO to tiie minimunrhvalue 

45 selecting portion 64. The minimum-value selecting por- 
tion 64 selects smaller one of the first or third target dis- 
placement 0L or eO and tiie second target displacement 
OA to input the selected value to tiie servo control por- 
tion 65 as a tilt angle instructing value Or. 

so The servo control portion 65 includes a deviator 
65a for calculating a deviation between the selected tilt 
angle instructing value Or and a tilt angle feedback value 
es detected by tiie tilt angle sensor 51 , and a function 
generator 65b for outputting an on-signal to the electro- 

55 magnetic value 42 or 43 when es is larger than a value 
of insensitivity range, and controls the tilt angle control 
device 40 so that the pump tilt angle es is coincident 
with the tile angle instructing value Or. 

The operation of the first embodiment tiius con- 
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structed will be next described. 

The following process is carried out in the first con- 
trol circuit portion 60 of the controller 50 as shewn in 
Fig. 1. 

5 

(1) In a state where the manipulating lever 58 and 
the travelling pedal 6a are in a non-operation state 
and each of the control valves 2 and 20A is in its 
neutral position, when the response speed select- 
ing switch SW3 is in an off-state and the normal io 
mode is selected, a selection signal SS output from 
the switch SW3 is in a low-level state and the switch 
63b is opened. Th^efore. the nr»ximunvvalue 
selecting portion 63c selects the LS control value 

6L from the LS control portion 61 and outputs It. is 
When each of the control valves 2 and 20A is in its 
neutral position, the first target displacement OL cal- 
culated in the LS control portion 61 becomes a 
value OLmin which is minimum for the engine rota- 
tional speed at that time. In addition, the pump 20 
delivery pressure Pp is the minimum value which is 
determined by the unload valve 26. and the second 
target displacement which is calculated by the input 
torque control portion 62 becomes the maximum 
value OAmax. Therefore, the minimum-value select- 2s 
ing portion 64 selects the first target displacement 
eLmin which is the LS control value, and the stand- 
by flow rate of the hydraulic pump 1 becomes a rel- 
atively smalt delivery flow rate Qs which is repre- 
sented by the product of the first minimum target 30 
displacemerrt 6Lmin and the engine rotational 
speed. 

If the operator manipulates the manipulating 
lever 58 in the above-described state, the load 
sensing control in which the punrp pressure is kept 3S 
to a value higher than the load pressure of the 
hydraulic actuator by a constant difference pres- 
sure APLSR is carried out. Through this control 
operation, as the opening area of the control valve 
20A is increased in proportion to the manipulation 40 
amount of the manipulating lever 58 to increase a 
required delivery flow rate, the displacement of the 
hydraulic pump 1 is increased. At this time, the 
punp delivery flow rate is moderately increased 
because the stand-by flow rate is relatively small. 45 

When the load pressure is heightened and the 
second target displacement OA calculated in the 
input torque control portion 62 becomes smaller 
than the target displacement output from the maxi- 
mum-value selecting portion 63c. the second target so 
displacement OA is selected in the minimum-value 
selecting portion 64. Therefore, the input torque of 
the hydraulic pump 1 is so controlled ttiat it does not 
exceed the output torque of the engine 27, and 
occurrence of engine stall can be prevented. ss 

(2) In a state where the manipulating tever 58 and 
the travelling pedal 6a are in non-operation state 
and each of the control valves 2 arxJ 20A is in its 
neutral position, when the response speed select- 



ing switch SW3 is in on-state and the quick mode is 
selected, the selection signal 88 is in high-level 
state and the switch 63b is closed. Therefore, tiie 
maximum-value selecting portion 63c is supplied 
with tiie third target displacement eO and the LS 
control value OL from the LS control portion 61. 
When each of the control valves 2 and 20A is in its 
neutral position, the first target displacement OL cal- 
culated in the LS control portion 61 becomes a 
value OLmin which is minimum for the engine rota- 
tional speed at that time. Therefore, if tiie third tar- 
get displacement OO is set to a value larger tiian 
OLmin. the maximum-value selecting portion 63c 
necessarily selects and outputs the tiiird target ds- 
placement OO at the non-operation time of the con- 
trol valve. 

In addition, at the non-operation time of the control 
valve, the second target displacement calculated in the 
input torque control portion 62 becomes the maximum- 
value OAmax as described above. Therefore, the mini- 
mum-value selecting portion 64 selects tiie third target 
displacement OO which is set in the stand-by flow rate 
control portion 63, and the stand-tsy flow rate of tiie 
hydraulic pump 1 becomes a relatively large delivery 
flow rate Qq (> Qs) which is represented by the product 
of the third target displacement OO and the engine rota- 
tional speed. 

When the operator manipulates the manipulating 
lever 58 in this state, the load sensing control calcula- 
tion as described above is carried out in tiie LS control 
portion 61 , and the opening of the control valve 20A is 
Increased in proportion to the manipulating amount of 
the manipulating lever 58 to increase the required deliv- 
ery flow rate. In accordance with the increase of the 
required delivery flow rate, the first target displacement 
OL is increased. At this time, irrespective of the manipu- 
lation of the manipulating lever 58. the displacement of 
the hydraulic pump 1 is set to the third target displace- 
ment value 00 until the first target displacement OL Is 
larger than the third target displacement OO. Therefore, 
if the quid5; mode Is selected in an operating condition in 
which the manipulating lever 58 is rapidly manipulated, 
tiie pump delivery flew rate is increased with high 
responsibility while following the manipulation of ttie 
manipulating lever 58 because the stand-by flow rate is 
relatively large. 

In this case, when the second target displacement 
OA is larger than the third target displacement OO or f 
target displacement OL. the minimum-value selecting 
portion 64 also selects the second target displacement 
OA, and thus the Input torque of the pump is prevent 
from exceeding the output torque of the engine. 

As described above, according to the first embodi- 
ment, when each of the control valves 2 and 20a is in its 
neutral position, the displacement of the hydraulic purrp 
1 , that Is, the stand-by flow rate can be altered by the 
manipulation of the response speed selecting switch 
SW3, so that the actuator is moderately operated in 
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accordance with the fine manipulation of the operating 
member to thereby improve the fine operation in the 
nomial mode where the stand-by flow rate is small while 
the actuator is quickly operated in aocordance with the 
rapid manipulation of the operating member to thereby 
improve the responsibility in the quick mode where the 
stand-by flow rate is large. 

In Fig. 1 . if the third target displacement aO is set to 
be larger than the maximum value OAmax output from 
the input torque control portion 62. the displacement of 
the pump is controlled through the input torque control 
at all times when the response speed selecting switch 
SW3 is switched on while the displacement of the pump 
is controlled through any one of the load sensing control 
and the input torque control in accordance with the 
operating concGtion when the switch SW3 is switched 
off. 

The response speed selecting switch SW3 may 
comprise a pressure switch which is switched on. for 
example, when the travelling pilot pressure is akx>ve a 
predetermined value. With this construction, at the vehi- 
cle travelling, the stand-by flow rate becomes larger and 
thus the responsibility of the start of the vehicle travel- 
ling can be improved. Further, a pressure switch, which 
is switched on by the pilot pressure for controlling actu- 
ators for which another responsibility is required other 
than the actuator of the vehicle travelling, may be pro- 
vided in place of the response speed selecting switch 
SW3. and both of this pressure switch and the response 
speed selecting switch SW3 may be provided. 

- SECOND EMBODIMENT - 

Fig. 4 shows a second embodiment. In the first 
embodiment the third target displacement 00 for alter- 
ing the stand-by flow rate is a fixed value. However, in 
the secorxi ennbodlment, the third target displacement 
eO can be set to any value in accordance with a manip- 
ulation amount of an operation member by the operator. 

The different point from the first embodiment will be 
mainly described. 

A response selection dial Dl such as a volume for 
outputting an electrical signal in accordance with a rota- 
tion manipulating amount thereof is provided in place of 
the response speed selecting switch SW3. and the 
stand-t^ flow rate control portion 63A is provided with a 
function generator 63d for outputting a third target dis- 
placement eO in accordance with the output voltage of 
the dial Dl in place of the setting unit 63a and the switch 
63b. 

With this construction, the stand-by flow rate can be 
set to any value in accordance with an operator's prefer- 
ence or an operating condition, and thus a hydraulic 
construction machine which is ^orite for any one and 
has such an improved operation performance as to be 
broadly matched witii various operating conditions can 
be provided. 

When the maximum output value of the function 
generator 63d is set to be larger than tiie maximum out- 



put value of the input torque control portion 62. the dis- 
placement of the pump can be controlled only through 
the input torque control in the same manner as 
described above. 

5 

- THIRD EMBODIMENT - 

Figs, 5 to 7 show a third embodiment. In the first 
and second ennbodiments, the stand-by flow rate control 

10 portions 63 and 63A are provided independently of 
each of the LS control portion 61 outputting the first tar- 
get displacement OL and the input control portion 62 
outputting the second target displacement 60, and the 
stand-by flow rate is altered through tiie manipulation of 

75 tiie operation member by tiie operator. In the third 
embodiment, the stand-by delivery flow rate control por- 
tion is omitted, and the load sensing control is inhibited 
when a special operating condition is detected to 
thereby control the displacement of the hydraulic pump 

20 through tiie input torque limiting control. In tiie tiiird 
emtxxliment, when the vehicle travels, the load sensing 
control and the input torque limiting control are selec- 
tively carried out. and when tiie work is carried out using 
the manipulating lever 58 togettier with contarolling tiie 

25 engine rotational speed by the travelling pedal 6a. tiie 
input torque limiting control is earned out using no load 
sensing control. 

The main portion of tiie whole circuit of the hydrau- 
lic constructfon machine is tiie same as shown in Rgs. 

30 2 and 3, and the different point will te mainly described. 
The controller 50 is equipped with a first control cir- 
cuit portion 60B as shown in Fig. 5 and a second control 
circuit portion 80 as shown in Rg. 6. In the first control 
circuit portion 60B as shown in Rg. 5, the stand-by flow 

35 rate control portion 63 as shown in Fig. 1 is omitted, a 
selection switch 66 is provided at a rear stage of the 
minimum-value selecting portion 64, and a judgemertt 
portion 67 serving as a switch control portion of tiie 
switch 66 is provided. 

40 The judgment portion 67 Includes a comparator 
67a and an AND gate circuit 67a. arxi it is so con- 
structed that it outputs a high-level signal when tiie 
manipulating lever 58 is manipulated while tiie engine 
rotational speed is controlled by tiie tiavelling pedal 6a, 

45 SO that the work is carried out. The comparator 67a out- 
puts a high-level signal when tiie pilot pressure R 
detected by the pressure sensor 56 is higher than a pre- 
determined pressure which is beforehand set (by a ref- 
erence power supply 67c). and the output signal thereof 

50 is input to the AND gate circuit 67b. The AND gate cir- 
cuit 67b is also supplied with a signal representing an 
on/off state of the brake switch SW2 and a signal repre- 
senting a switching state of the forward/reverse travel 
change-over switch SW1 , and the AND gate circuit 67b 

55 is enabled when the following four conditions are wholly 
satisfied: 

(1) the brake switch SW2 is on (high-level signal is 
output). 
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(2) the forward/reverse change-over switch SW1 is 
in its N-position (high-level signal is output). 

(3) the pilot pressure Pt as described above is 
higher than the predetermined value (high-level sig- 
nal is output from the comparator 67a). and 

(4) the working pilot pressure switch 95 is on (high- 
level s'gnal is output). 

In a case where the work is carried out at the vehi- 
cle-stopped state while the rotational speed of the 
engine 27 is controlled through the manipulation of the 
travelling pedal 6a. the above four conditions are wholly 
satisfied and thus the high-level signal is output from the 
AND gate circuit 67b. 

The selection switch 66 is switched to an a-contact 
point when the AND gate circuit 67b is in off-state (when 
the low-level signal is output and the vehicle travels) to 
select the output of the minimum-value selecting portion 
64. That is. smaller one of the first target displacement 
OL and the second target displacement OA is selected 
as the displacement instructing value 6r. When the AND 
gate circuit 67b is enabled (when the high-level signal is 
output and the work under the specific operating condi- 
tion as described above is candied out), the selection 
switch 66 is switched to a b-contact point to select the 
output of the torque control portion 62. That Is. the sec- 
ond target displacement OA is selected as the displace- 
ment target instructing value Or. The selected 
displacement Instructing value er is input to the servo 
control portion 66. 

The controller 50 also includes the second control 
circuit portion 80 as shown in Fig. 6. 

In ihe second control circuit portion 80, a reference 
numeral 81 represents a first target rotational speed cal- 
culating portion to which a signal corresponding to the 
man^ulation amount X of the fuel lever 57a of the rota- 
tional speed setting device 57 Is input to determine a 
first target rotational speed Nx which corresponds to the 
manipulation anxHjnt X. A reference numeral 82 repre- 
sents a second target rotational speed calculating por- 
tion supplied with the pilot pressure FX detected by the 
pressure sensor 56 which indicates the manipulation 
amount of the travelling pedal 6a. and it serves to deter- 
mine a second target rotational speed Nt whk:h corre- 
sponds to the pilot pressure Pt. Here, in the first target 
rotational speed calculating portion 81 , the manipula- 
tion amount X and the first target rotational speed Nx 
are set in such a relationship that the first target rota- 
tional speed Nx is linearly increased from an idle rota- 
tional speed Ni as the displacement amount X is 
increased. In the second target rotational speed calcu- 
lating portion 82, the pilot pressure R and the second 
target rotational speed Nt are set in such a relationship 
that the second target rotational speed Nt is linearly 
increased from the idle rotational speed NI as the pilot 
pressure Pt (pedal manipulation amount) is increased. 
Further, the maximum value Nxmax of the first target 
rotational speed Nx is set to be lower than the maximum 
rotational speed which can be output by the engine 27. 



and the maximum value Ntmax of the second target 
rotational speed Nt is set to be substantially equal to the 
maxinmjm rotational speed of the engne 27. Therefore, 
the maximum value Ntmax of the target rotational speed 

5 Nt is larger than the maximum value Nxmax of the tar- 
get rotational speed IMx. 

Larger one of the target rotational speeds Nx and 
Nt is selected in the maximum-value selecting portion 
83. and set as a target rotational speed instructing value 

10 Ny In the servo control portion 84. the target rotational 
speed instructing value Ny is compared with the control 
rotational speed N8 indicated with the displacement 
amount of the governor lever 27b which is detected by 
the potentiometer 55. and the pulse motor 28 is so con- 

15 trolled that both are coincident with each other in 
accordance with the procedure as shown in Fig. 7. 

At a step S21 In Fig. 7. the target rotational speed 
instructing value Ny and the control rotational speed NO 
indicated with the displacement amount of the governor 

20 lever are read in. and the process goes to a step S22. At 
the step 822. a result of Ne - Ny is stored as a difference 
rotational speed A in a memory, and at a step S23 it is 
judged on the basis of a predetermined reference differ- 
ence rotattonal speed K as to whether |A| ^ K. If the 

25 judgment at the step S23 is "Yes", the process goes to a 
step S24, and it is judged as to whether difference rota- 
tional speed A > 0. If A > 0. the control rotational speed 
Ne indicated by the displacement amount of the gover- 
nor lever is larger than the target rotational speed 

30 instructing value Ny, that is. the control rotational speed 
is larger than the target rotational speed. Therefore at a 
step S25. a signal Instructing the reverse rotation of the 
motor is output to the pulse motor 28 to decrease the 
engine rotational speed. Through this operation, the 

35 pulse motor 28 is reversely rotated and the rotational 
speed of the engine 27 is reduced. 

On the other hand, if A ^ 0, the control rotational 
speed NO indicated by the displacement amount of the 
governor lever is smaller than the target rotational 

40 speed Ny that Is. the control rotational speed is lower 
than the target rotational speed. Therefore at a step 
S26. a signal instructing the forward rotation of the 
motor is output to increase the engine rotcrtional speed. 
Through this operation, the pulse motor 28 is fontvardly 

45 rotated, and the rotational speed of the engine 27 is 
Increased. If the judgment at the step S23 is "No", the 
process goes to a step S27 to output a motor stopping 
signal, so that the rotational speed of the engine 27 is 
kept to a constant value. After processes at steps 25 to 

so S27 are executed, the process returns to the initial step. 
The operation of the third emtjodiment thus con- 
structed will be next described. 

When the work such as a digging is carried out by 
driving the front attachment, the brake switch SW2 is 

55 switched on and the fonward/reverse travelling change- 
over switch SW1 is switched to the N-positlon. The con- 
trol of the engine rotational speed can be perfbrmed by 
the fuel lever 57a or the travelling pedal 6a. When the 
control of the engine rotational speed is carried out 
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using no travelling pedal 6a. the fuel lever 57a of the 
rotational speed setting device 57 is kept at the maxi- 
mum stroke position or at a proper intermediate position 
of a stroke lower than the maximum stroke. In a case 
where the engine rotational speed is controlled using 
the fuel lever 57a as described al3ove, the travelling pilot 
pressure Pt which is input to the second target rotational 
speed calculating portion 82 of the second control cir- 
cuit portion 80 is zero, so that the second target rota- 
tional speed Nt calculated in the above calculating 
portion 82 becomes the idle rotational speed Ni. Fur- 
ther, the manipulation amount X of the fuel lever which 
is input to the first target rotational speed calculating 
portion 81 is a larger value other than zero, so that the 
first target rotational speed Nx calculated in the above 
calculating portion 81 becomes a value which is lager 
than the idle rotational speed Ni and corresponds to the 
stroke position of the fuel lever 57a. Therefore, in the 
selecting portion 83, the target rotational ^eed Nx is 
selected as the target rotational speed instructing value 
Ny. and the engine 27 is controlled to the target rota- 
tional speed Nx. ITirough this operation, the engine 
rotational speed is controlled so as to be kept to a con- 
stant speed which corresponds to the stroke position of 
the fuel lever. 

On the other hand, the following process is candied 
out in the first control circuit portk>n 60B of the controller 
50. 

In a work where the engine rotational speed Is con- 
trolled by the fuel lever 57a. the brate switch SW2 is 
switched on arxJ the forward/reverse travelling change- 
over switch SW1 is in its N-positon (neutral position), 
and the pressure switch 95 is switched on through the 
manipulation of the working lever 58. However, the pilot 
pressure R is lower than the predetermined value 
because the travelling pedal 6a is not manipulated (the 
conditions (1). (2) and (4) of the conditions (1), (2), (3) 
arKi (4) as desaibed at^ove are satisfied. k>ut the condi- 
tion (3) is not satisfied), and the AND gate circuit 67b 
constituting the judging portion 67 is enabled. There- 
fore, the selecting switch 66 selects the signal from the 
minimum-value selecting portion 64. That is, smaller 
one of the first and third target displacements OL and OA 
is selected as the displacement instructing value Or, and 
the displacement of the hydraulic pump 1 is controlled 
so as to be equal to the selected displacement instruct- 
ing value er. 

As described above, when the work is carried out 
through the control of the engine rotational speed using 
the fuel lever 57a, tiie delivery pressure of the hydraulic 
pump 1 is controlled so as to be higher tiian the load 
pressure of the hydraulic motor 3 by the target differ- 
ence pressure APLSR using the first target displace- 
ment 6L (the load sensing control is earned out), and 
the input torque of the hydraulic pump 1 is controlled so 
as not to exceed the target torque Tpo using the second 
target displacement eA (the input torque limiting control 
is carried out). 

Although, the engine rotational speed is controlled 



by the travelling pedal 6a when the vehicle travels, the 
selecting switch 66 is switched to tiie a-oontact because 
tiie brake switch SW2 is switched off. and the pump tilt 
angle is controlled with smaller one of OL and OA. 

5 In a work where tiie rotational speed of the engine 

is controlled tiirough the manipulation of the travelfing 
pedal 6a to can^y out tiie speed control ot the front 
attachment, tiie brake switch SW is switched on. the for- 
ward/reverse switch SW1 is switched to the neutral N- 

10 position, and the fuel lever 57a is kept at tiie minimum 
stroke position. Upon step-on of tiie pedal 6a in ttiis 
state, the first target rotational speed calculating portion 
81 of the second control circuit portion 80 is supplied 
with the fuel lever manipulation amount X = 0. so that 

75 tiie first target rotational speed Nx calculated in the cal- 
culating portion 81 becomes equal to the idle rotational 
speed Ni. Furtiier the second target rotational speed 
calculating portion 82 is supplied witii the travelling pilot 
pressure Pt corresponding to the manipulation amount 

20 (step-on amount) of the travelling pedal 6a. so that the 
second target rotational speed Nt calculated in tiie cal- 
culating portion 82 becomes a value which is higher 
than the idle rotational speed Ni and corresponds to tiie 
manipulation amount of tiie travelling pedal 6a. There- 

2s fore, tiie target rotationcU speed Nt is selected as the tar- 
get rotational speed instructing value Ny in the selecting 
portion 83. and the rotational speed of the mqine 27 is 
controlled to the target rotational speed Nt. As a result, 
the engine rotational speed is controlled in accordance 

30 with the operation amount of the travelling pedal 6a. so 
tiiat the engine rotational speed is increased as tiie 
operation amount of the travelling pedal 6a is increased 
while the engine rotational speed is decreased as the 
travelling pedal 6a is returned. 

35 On the other hand, the following process is carried 
out in the first contid circuit portion 60B. 

In a work where the engine rotational speed is con- 
trolled by the travelling pedal 6a. the brake switch SW2 
is turned on. the fonward/reverse change-over switoh 

40 SW1 is in its N-position (neutral position), the pilot pres- 
sure FX has a value higher than the predetermined value 
tiirough tiie operation of the travelling pedal 6a. and tiie 
pressure switch 95 is switched on by manipulating tiie 
working lever 58. Therefore, all of tiie conditions (1). (2). 

45 (3) and (4) as described above are satisfied, so that tiie 
AND gate circuit 67b serving as the judging portion 67 
is enabled. Through tiiis operation, tiie selecting switch 
66 is switched to tiie b-contact point, so tiiat the second 
target displacement eA calculated in tiie torque cortirol 

so portion 62 is selected as the displacement instructing 
value Or. The displacement of the hydraulic pump 1 is so 
controlled as to be equal to the selected displacement 
insto-ucting value 6r. That is. the load sensing control as 
described above is not carried out. and only the input 

55 torque limiting control is carried out. Therefore, in a 
range below the second target displacement which is 
determined by tiie input torque control, tiie delivery flow 
rate of the hydraulic pump 1 is increased or decreased 
substantially in proportion to tiie above-described 
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increase/decrease control of the engine rotational 
speed using the travelling pedal 6a, so that the driving 
of the front attachment such as the boom can be con- 
trolled at a desired speed. 

If the selecting switch 66 as shown in Fig. 5 is so 
designed as to be freely switchable by the operator, the 
selective use of the load sensing control and the input 
torque control can be performed on the basis of the 
operator's judgment. As supplementally described in 
the first and second embodiments, even in a case of 
adopting the control system where on the basis of the 
operator's judgment the load sensing control is inhibited 
and the pump displacement is controlled through the 
input torque control, the same effect as the third embod- 
iment can be obtained. 

In the above embodiment, the existing travelling 
pedal 6a is also used as operating means for the engine 
rotational speed control. However, the operating means 
is not limited to the travelling pedal 6a, and may be 
another operation member (preferably, a pedal). Fur- 
ther, in the above embodiment the travelling hydraulic 
motor 4 and the working hydraulic cylinder 20A are pro- 
vided as the hydraulic actuator. However, the hydraulic 
actuator may be constructed so as to have plural work- 
ing hydraulic cylinders 20A and a hydraulic motor for a 
turning of the upper swing body of the vehk:le. Stin fur- 
ther, the working hydraulic cylinder 20A is not limited to 
a cylinder for driving of the boom, and may be a cylinder 
for driving of the arm or the bucket. 

Moreover, with a conskleration of the first embodi- 
ment, it can be obvfously considered that a function that 
the stand-by flow rate is controlled is added to this third 
ennbodiment by adding the response speed selecting 
switch SW3 and the stand-by ffow rate control portion 
63 of the first embodiment. Fig. 12 shows a block dia- 
gram of this variation. 

Fig. 8 is a detailed block diagram of the torque con- 
trol portion 62 of the first to third embodiments as 
described above. 

The control rotational speed NO which corresponds 
to the governor lever position detected by the potenti- 
ometer 55 is input to a reference rotational speed calcu- 
lating portion 162a and a torque calculating portion 
162b. The reference rotational speed calculating portion 
162a catoulates a speed sensing reference rotational 
speed Ns in accordance with the input control rotational 
speed NO on the basis of a characteristic as shown in 
the figure. The reference rotational speed Ns is 
increased as the control rotational speed NO is 
increased, in addition, the torque calculating portion 
162b calculates the target torque Tro in accordance with 
the input control rotational speed NO on the basis of a 
characteristic as shown in tiie figure. An adder 162c 
serves to calculate the deviation AN Nr-Ns) between 
the actual engine rotational speed Nr and the reference 
rotational speed Ns as descrit)ed ak>ove, and a correc- 
tion torque calculating portion 162d serves to calculate 
a confection torque AT in accordance with the rotational 
deviation AN on the basis of a characteristic as shown in 



the figure. The correction torque is positive when the 
rotatkinfiU speed deviation AN is positive, and is nega- 
tive when the rotational speed deviation AN is negative. 
In addition, the connection torque |AT| is increased witii 
5 increase of |AN|. 

A function generator 162e outputs a signal repre- 
senting "0** when the control rotational speed NO is 
lower tiian a predetermined value, and "1" when tfie 
control rotational speed Ne is equal to or above the pre- 

10 determined value, and tiie signal is multiplied by the 
correction torque AT in a multiplier 1 62f . That is. the cor- 
rection torque AT is effective only when the control rota- 
tional speed NO is equal to or atx)ve the predetermined 
value. AT is added to the target torque Tro as described 

15 above in tiie adder 162g. and flie result of tiiis addition 
is output as the target torque instructing value Tpo. The 
target displacement OA is calculated on tiie basis of the 
target torque instructing value Tpo. 

According to the input torque comrol portion as 

20 described above, when the engine has a margin for a 
torque, tiie conrection torque AT becomes positive so as 
to cause the target torque instructing value Tpo to be 
increased. On the other hand, when tiie engine is in an 
over-torque state, the correction torque AT becomes 

25 negative so as to cause the target torque instructing 
value Tpo to be decreased. Therefore, the target torque 
can be approached to a rated torque, and thus the 
torque can be effectively set. 

With die Input torque control portion, tiiere occurs 

30 no prot)lem in a case where the operation is carried out 
with keeping the engine rotational speed to a constant 
value using the fuel lever 57a. however, the following 
prok)lem occurs in a case where the operation of the 
vehicle is carried out by increasing/decreasing the 

35 engine rotational speed using the travelling pedal 6a. 

When the travelling pedal 6a is rapidly stepped on 
to a full throttie position, tiie governor lever 27 is imme- 
diately operated to a full tiirottie position by the pulse 
motor 28. so tiiat the control rotational speed Ne is 

40 increased, and the speed sensing reference rotational 
speed Ns is also immediately increased. However, 
when the operation amount of the governor lever 
reaches the maximum value, there is a time lag until the 
actual rotational speed of tiie engine is increased up to 

45 its maximum value. The rotational speed deviation AN is 
negative during this time lag. and the correction torque 
AT is also negative. Therefore, the target torque 
instructing value Tpo is lowered, so that tiie displace- 
ment of the hydraulic pump is decreased, and the rise- 

50 up Of the rotational speed is deteriorated. 

In this connection, an emtxxliment for improving 
the rise-up characteristic of tiie engine rotational speed 
as described above is shown in Fig. 9. 

Fig. 9 shows the input torque control portion 162 of 

55 tiie first control circuit portion 60 inside of the controller 
50. The same elements as those of Fig. 8 are repre- 
sented by the same reference numerals, and the differ- 
ence point will be mainly described. 

The input torque control portion 162 is equipped 
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with a torque calculating portion 162k in parallel to the 
torque calculating portion 162d. The torque calculation 
portion 162k has a different characteristic from those of 
the torque calculation portion 162d. The output value of 
each torque calculating portion is input to the selecting 
portion 162h. In the torque calculating portion 162k, the 
correction torque AT beconies positive and increases 
with increase of AN when the rotational speed deviation 
AN is positive. On ttie other hand, when AN is negative. 
AT is zero. That is. only a control for increase of input 
torque is carried out 

The input torque control portion 162 includes an 
AND gate circuit 162i. and tiie AND gate circuit 162i is 
input with a signal representing an on/off state of the 
brake switch SW2. a signal representing a manipulation 
position of the fonward/reverse change-over switch 
SW1, and an output of a function generator 162]. The 
function generator 162j outputs "1" when an operation 
amount of the travelling pedal 6a is equal to or above a 
predetermined amount, and "0" when it is smaller tiian 
the predetermined amount, and is supplied with a signal 
FX representing tiie operation amount of the travelling 
pedal 6a which is an output of the pressure sensor 56. 
Therefore, when the following conditions are satisfied, 
that is, when tiie vehicle travels tiie AND gate circuit 
1 62i is enabled to input a high-level signal to a selection 
switch 162h, and the selection switch I62h selects the 
torque calculating portion 1 62k: 

(1) the brake switch SW2 is in off-state (the switch 
^ SW2 outputs a low-level signal), 

(2) the forward/reverse change-over valve 8A is 
switched to a position other than the N-position (the 
forward/reverse travel change-over switch SW1 out- 
puts a low-level signal), and 

(3) the travelling pedal 6a is stepped on by an 
amount larger than the predetermined amount (the 
function generator 162j outputs a high-level signal). 

According to the input torque control portion 162 
thus constructed, when tiie travelling pedal 6a is 
stepped on to the full throttle position while travelling of 
the vehicle, the control rotational speed N6 which is a 
detection value of tiie governor lever position becomes 
the maximum value, and interlocWngly with tiie maxi- 
mum value of the control rotational speed, tiie speed 
sensing reference rotational speed Ns also becomes 
the maximum value. A time lag is required until the 
actual rotational speed of the engine reaches a value 
corresponding to the maximum value of the governor 
lever, and during this time lag the rotational speed devi- 
ation AN is negative. However, since the torque calculat- 
ing portion 162k is selected while travelling of tiie 
vehicle, the correction torque AT is not negative and is 
equal to zero even when tiie rotational speed deviation 
AN becomes negative. Therefore, the target torque 
instructing value Tpo is not reduced, and ttie displace- 
ment of the hydraulic pump 1 is not reduced, so that the 
acceleration performance for vehicle travelling in this 



case can be more improved than that in the case of 
using the input torque control portion as shown in Fig. 8. 

Further, since the torque calculating portion 162d is 
selected by tiie selection switch 162h in a non-travelling 

5 operation such as a digging worK like the conventional 
input torque control portion, tiie pump displacement is 
reduced to reduce the engine input torque when the 
engine has no surplus for the torque, so that the useless 
engine stall can be prevented. 

10 Such a construction for assuring the acceleration 
performance may be applied to a turning operation of 
tiie upper swing body of the vehicle as well as a travel- 
ling operation. 

IS INDUSTRIAL APPLICABILrTY 

The hydraulic control apparatus of this invention as 
described above is effectively applied particularly to var- 
ious hydraulic construction machines equpped with a 
20 diesel engine, such as a wheel-type hydraulic shovel, a 
crawler-type hydraulic shovel, a hydraulic crawler crane, 
a wheel loader, etc. 

Claims 

25 

1 . In a hydraulic control apparatus for a hydraulic con- 
struction machine including; 

first operating means (57a,57) which Is manip- 

30 ulated to Keep the rotational speed of a prime 

mover (27) to an arbitrary rotational speed, 
second operating means (6a.6,56) which is 
manipulated to control the rotational speed of 
said prime mover (27) and is relumed to an ini- 

3S tial position of low rotational speed when tiie 

manipulating force is released, 
rotational speed control means (80) for control- 
ling the rotational speed of said prime mover 
(27) in accordance with said first and second 

<o operating means. 

a variable displacement hydraulic pump (1) 
which is driven by said prime mover (27). 
a first hydraulic actuator (4) which is driven by 
a delivery oil from said hydraulic pump (1). 

45 a second hydraulic actuator (21) which is 

driven by said delivery oil of said hydraulic 
pump (1). 

a first control valve (2) which is provided 
between said hydraulic pump (1) and ssad first 
50 hydraulic actuator (4) and serves to control a 

pressured oil supplied to said first hydraulic 
actuator (4), 

a second control valve (20A) which is provided 
between said hydraulic pump (1) and said sec- 
55 ond hydraulic actuator (21) and serves to con- 

trol a pressured oil supplied to said second 
hydraulic actuator (21), 

first determination means (61) for determining 
a first target displacement (OL) to keep said 
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delivery pressure of said hydraulic pump (1) to 
a value higher than toad pressure of scud first 
and second hydraulic actuators (4,21) by a pre- 
determined target value, 
second determination means (62) for determin- 
ing a second target displacement (OA) by which 
an input torque is limited on the basis of said 
delivery pressure of said hydraulic pump (1). 
and, 

displacement control means (65) for controlling 
said displacement of said hydraulic pump (1) 
so that said displacement is equal to at least 
one of said first and second target displace- 
ments (eueA). 

said corrtrol apparatus further including; 

judging means (67) for outputting a discrimina- 
tion signal on the basis of a discrimination of a 
state where said second hydraulic actuator 
(21) is operated while the rotational speed of 
said prime mover (27) is controlled by said sec- 
ond operating means (6a.6,56). wherein, 
when said discrimination signal is output, said 
displacement of said variable displacement 
hydraulic pump (1) is so controlled that it is 
equal to said second target displacement (OA) 
irrespective of the value of said first target dis- 
placement (OL). 

The hydraulic control apparatus as claimed in claim 
1 , further including minimum-value selecting means 
(64) for selecting smaller one of said first and sec- 
ond target displacements (OUOA). and switching 
means (66) for outputting said target displacement 
selected by said minimum-value selecting means 
(64) when said discrimination signal is not output, 
and outputting said second target displacement 
(GA) when said discrimination signal is output. 

The hydraulic control apparatus as claimed in claim 
1 . further including: 

limit signal output means (63a) for outputting a 
limit signal (eO) indicating a value lager than 
the minimum value of said first target cOsplace- 
ment (OL), 

maximum-value selecting means (63c) for 
comparing the value of said limit signal (OO) 
and said first target displacement (OL) to select 
larger one therefrom and outputting the 
selected value. 

minimum-value selecting means (64A) for 
selecting smaller one of said target displace- 
ment output from the maximum-value selecting 
means (63c) and said second target cfisplace- 
ment (eA), and, 

limiting operation instructing signal output 
means (63b,63d) for outputting a timiting-oper- 
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ation instructing signal for actuating said limit- 
signal output means (63a) through said opera- 
tor's manipulation. 

The hydraulic control apparatus as claimed in any 
one of claims 1 to 3, wherein said second hydraulic 
actuator (21) comprises a hydraulic cylinder for a 
front attachment, said first hydraulic actuator (4) 
comprises a hydraulic motor for a vehicle travelling, 
said first operating means (57a,57) comprises a 
manual manipulation member, and said second 
operating means (6a.6,56) comprises a pedal-type 
manipulation member. 

The hydraulic control apparatus as claimed in claim 

4. wherein said manual manipulation member 
(57a,57) conrprises a fuel lever for setting the rota- 
tional speed of said prime mover (27) in accord- 
ance with the manipulation position of said fuel 
lever, and said pedal-type manipulation member 
(6a.6.56) comprises a travelling pedal with which 
the opening area of said second control valve can 
be adjusted In accordance with the operation 
amount thereof. 

The hydraulic control apparatus as claimed in claim 

5, a time when said discrimination signal is output is 
at least a time when driving of said first hydraulic 
actuator (4) is being inhibited. 

The hydraulic control apparatus as claimed in claim 
1 . wherein said rotational speed control means (80) 
includes; 

first target rotational speed setting means (81) 
for setting a first target rotational speed of said 
prime mover (27) in accordance with the oper- 
ation amount of said first operating means 
(57a.57). 

second target rotational speed setting means 
(82) for setting a second target rotational speed 
of said prime mover (27) in accordance with the 
operation amount of said second operating 
means (6a,6.56), 

selection means (83) for selecting a larger one 
of said first and second target rotational speeds 
of said prime mover (27). and, 
rotational speed increasing/decreasing means 
(84) for increasing or deaeasing the rotational 
speed of said prime mover {27) so that it is 
equal to the selected target rotational speed. 

The hydraulic control apparatus as claimed in 7. 
wherein said second hydraulic actuator (21) com- 
prises a hydraulic cylinder for a front attachment, 
said first hydraulic actuator (4) comprises a hydrau- 
lic motor for a vehicle travelling, said first operating 
means (57a,57) comprises a manual manipulation 
member, and said second operating means 
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(6a,6,56) comprises a pedal-type manipulation 
member. 

9. The hydraulic control apparatus as claimed In claim 

8, wherein said manual manipulation member s 
(57a.57) comprises a fuel lever for setting the rota- 
tional speed of said prime mover (27) in accord- 
ance with the manipulation position of said fuel 
lever, and said pedal-type manipulation member 
(6a.6,56) comprises a travelling pedal with which io 
the opening area of said second control valve can 

be adjusted in accordance with the operation 
amount thereof. 

1 0. The hydraulic control apparatus as claimed in claim is 

9, a time when said discrimination signal is output is 
at least a time when driving of said hydraulic motor 
for a vehicle travelling (4) is being inhibited. 

11. The hydraulic control apparatus as claimed in any 20 
one of claims 1 to 10, wherein, 

said first determination means (61) detects a 
difference pressure k)etween the pressure of a con- 
duit for inte-communicating said first and second 
control valves (2,20 A) with said hydraulic pump (1 ) 2s 
and the pressure of a conduit at a higher pressure 
side of respective conduits for intercommunicating 
each of said first and second control valves (2,20A) 
with said first and second hydraulic actuators (4,21) 
to calculate a deviation t>etween a predetermined 30 
target difference pressure and the detected differ- 
ence pressure, and calculates said first target dis- 
placement on the basis of said deviation, and 
wherein. 

said second determination means (62) 3S 
detects a deviation between an actual rotational 
speed of a diesel engine serving as said prime 
mover (27) and a control rotational speed indicated 
by the position of a governor lever of said diesel 
engine, calculates on tiie basis of tiie detected 40 
deviation a target torque with which said diesel 
engine suffers from no engine stall, and detects 
said delivery pressure of said variable displace- 
ment hydraulic pump (1) to calculate said second 
target displacement (OA) on the basis of the recip- 45 
rocal of tiie detected delivery pressure and said tar- 
get torque. 

1 2. The hydraulic control apparatus as claimed in claim 

11, wherein said second determination means (62) so 
includes means (162i) for judging a travelling oper- 
ation, and wherein in the travelling operation said 
target torque is subjected to only a correction for 
increasing said target torque when said actual rota- 
tional speed is higher than said control rotational ss 
speed, and In a non-travelling operation said target 
torque is subjected to a con-ection for increasing 
said target torque when said actual rotational speed 
is higher than said control rotational speed and a 



correction for decreasing said target torque when 
said actual rotational speed is lower than said con- 
trol rotational speed. 
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